83-C-OO 1 0). Acknowledgement is made to the Donors of the Petroleum Research Fund, administered by the American Chemical Society, for support ofHLD in this research. Using ab initio calculations Farantos et al. 3 have produced analytical potential energy functions for the ground and the first singlet excited state of HeH 2 • The functions describe all nuclear configuration space and obey the symmetry of the system.
The excited surface has the minimum located at the geometry R HeH1 = 3.57ao, R HeH2 = 1.47ao and the angle between them 103°. The symmetric minima are separated by a barrier of about 72 000 cm -I, whereas the barriers to linear structures H-He-H and H-H-He are 7300 and 13 700 em-I, respectively. This potential has been used in quasiclassical trajectory calculations of the collisions of He with H 2 (B 12:~). 4 To our knowledge there are no first principles rovibrational calculations on an electronically excited state of a polyatomic system. Excited states present new challenges for vibrational computations because some exotic topological features may occur. Thus HeH2 provides an opportunity to carry out such a study. Moreover the assignment of the spectroscopic features of the HeH 2 (A IA ') state may prove useful for analysing experiments on this system.
The calculations were performed with the method of Tennyson and Sutcliffe,5 using program ATOMDIAT 6 with the extension GENPOT 7 to allow for a generalized potential. This method has been successfully applied to the rovibrational problem for a variety of triatomics. These range from van der Waals molecules H 2 Ne 5 and HFHe, 5 through the floppy KCN 5 and CH 2 + 8 systems, to more conventional molecules (with small amplitude vibrational modes) such as H3+ and H 2 D+,9 and H 2 F+ and H 2 Cl+.1O Molecules with more than one potential minimum, such as LiCN, II have also been successfully treated. Indeed, this method which makes no a priori assumptions about equilibrium structure, should be particularly suitable for systems such as HeH 2 (A IA') which have multiple minima.
In this paper we present computations for the J = 0 and 1 levels of HeH 2 (A IA' ). Test calculations were performed with both Morse oscillator-like 5 . 6 and spherical oscillator-like 7 • 8 basis functions for the He-H 2 stretching coordinate. As has been observed previously,9 the Morselike functions proved more efficient for this nonlinear system.
For the J = 0 states of HeH 2 we used up to 612 basis functions-6 in each stretching coordinate and 17 Legendre functions for each symmetry. That allowed us to obtain the first 10 levels converged to about 1 em-I; In HeH 2 , the two minima, symmetric with respect to the C 2v axis give nearly degenerate vibrational levels which are either even or odd under interchange of two H atoms. The high barrier meant that any splitting was less than the accuracy of our calculation and any tunneling was negligible for the low-lying vibrational states.
The fundamentals WI = 3868.6 em-I, W2 = 1161.9 em-I, and W3 = 1438.2 em-I correspond to the short HeH stretch, to the bend, and long HeH stretch, respectively. The large value of WI is a reflection of the strength of the short HeH bond. WI is also increased by resonance interaction with the 2W2 + W3 mode. This combined with anharmonic effects gives a zero point energy for HeH2 which is 125 em-I above the harmonic value of 1/2 (WI
From the rotationally excited state we computed the rotational constants Ao = 39.04, Bo = 5.42, and Co = 4.71 em-I; the molecule is a nearly prolate symmetric top (k = 0.96).
We hope that the above spectroscopic constants will aid the experimental observation of this species. In recent years, much experimental work has been performed to examine the kinetic energy dependence of ion-molecule reactions. I In this work, while the ionmolecule relative kinetic energy is varied from near thermal energies to a feweV, the rotational energy of the reactant neutral remains at a specified temperature. Consequently, there is a growing need for a collision theory that describes the kinetic energy dependence of rate constants when the neutral remains at a given temperature. Thermal capture rate constants for ion-polar molecule collisions have been calculated recently using the trajectory method. v In that study, the ion was treated as a point charge and the polar molecule as a two-dimensional rigid rotor. The interaction potential was assumed to have the form 
Kinetic energy dependence of ion-polar molecule collision rate constants by trajectory calculations
where a and Jl.D are the (angle-average) polarizability and dipole moment of the neutral, r is the distance between the ion and the center of mass of the neutral, 8 is the
